Blood flow and segmental intravascular pressures were measured in the pump-perfused forelimb vascular beds of 25 dogs with chronic perinephritic hypertension and 26 normotensive control dogs (either unilaterally nephrectomized or sham-operated) under pentobarbital anesthesia. Measurements were made under resting conditions (pump-perfusion pressure set equal to aortic pressure) and during response to: (1) stepwise changes in pump blood flow over the range 21-330 ml/min; (2) intrabrachial arterial injection of supramaximal doses of methacholine chloride; and (3) limb denervation. Total limb vascular resistance and segmental pressure gradients were calculated. In hypertensive dogs, as compared to normotensive dogs, resting blood flow was equal (P>0.3) and resting limb total vascular resistance was increased (P< 0.005). Small vessel pressure gradient was increased (P<.005) and venous pressure gradient was decreased (P < 0.005). Limb vascular resistance following methacholine injections and residual resistance following neurectomy were lower (P<0.05) in normotensive than in hypertensive dogs. The development of hypertension was accompanied by the upward displacement of limb flow-resistance curves without discernible change in shape of the curves. These data suggest that in chronic renal hypertension in dogs: (1) the limb vascular bed participates in the increased peripheral vascular resistance; (2) the increase in limb vascular resistance is confined to the small vessel segment with no evidence found for limb venoconstrictjon; (3) a portion of the elevated limb vascular resistance is not attributable to neural stimuli; and (4) structural changes in vessels may account for part of the increase in limb resistance. 
put has been reported in renovascular (1), labile (1, 2) , and mild essential hypertension (3) in man, and also in the initial stages of experimental renal hypertension in rats (4) and dogs (5) . It has been suggested that increase in cardiac output might result from increase in venous return to the heart due to peripheral venous constriction (5, 6 ). Peripheral venous constriction, by elevating capillary hydrostatic pressure and capillary filtration, may also explain the decrease in plasma volume reported in essential hypertensive men (3, 7) .
It has further been suggested that the increase in cardiac output leads to a secondary increase in peripheral vascular resistance by evoking peripheral autoregulatory responses (4, 8) . Cardiac output then returns to or toward normal levels, as does blood flow through most vascular beds, the increased arterial pressure being maintained by increased resistance. Long-term, whole body autoregulation (8) could account for the persistently increased resistance, as could other proposed mechanisms including baroreceptor reset and increased sympathetic outflow to peripheral vessels (9, 10) , altered sensitivity of vascular smooth muscle to vasoactive stimuli (11) , and structural changes in vascular wall (12) , producing apparent vascular hyper-responsiveness to vasoconstrictor stimuli (12, 13) .
In the work presented in this paper, hemodynamic variables related to several of these hypotheses were measured in the forelimb vascular beds of chronic renal hypertensive and normotensive control dogs. The variables measured were blood flow, pressure-flow relations, resting segmental intravascular pressures and vascular resistance after limb denervation or maximal chemical vasodilation. In addition, the morphology of limb arteries was studied by light microscopy. These data provide information about the participation of the limb vascular bed in the increase in total peripheral vascular resistance, the state of pre-and postcapillary vessels, the state of limb vascular autoregulatory mechanisms, and the roles of the sympathetic nervous system and of structural changes in limb blood vessels in chronic hypertension.
These measurements were made in 51 dogs during a study of forelimb vascular responses to infusions of vasoactive agents.
Methods
Healdiy male mongrel dogs weighing 18 to 30 kg were trained to lie quietly during femoral arterial punctures for blood pressure measurements, which were made weekly during an observation period of at least 4 weeks. Animals with mean arterial pressures above 140 mm Hg on two or more occasions were rejected. At the end of this period, 51 dogs were accepted for the experiments. Under pentobarbital sodium anesthesia (30-35 mg/kg) and with mechanical ventilation, systemic anticoagulation (heparin, 10,000-15,000 USP units) and sterile conditions, small polyethylene catheters were placed in the aorta and at four sites along the length of the forelimb vascular bed: the pump tubing immediately upstream to the brachial artery, a small artery in the footpad, a small subcutaneous vein on the dorsum of the paw, and a side branch of the brachial vein (Fig. 1) .
Pressures in the small artery and small vein were considered to represent those in small vessels of the skin vascular beds of the limb. Pressures in the brachial vein more likely represented those in large veins draining muscle vascular beds, although the communicating branch between brachial vein and cephalic vein, the latter draining primarily skin vascular beds, remained intact.
A small glass cannula (500FJL o.d.) was placed on the tip of the small vein catheter, so that this catheter could be advanced distally into the vein, breaking valves as necessary; a free communication with collateral veins of the same diameter was thereby established. Intravascular pressures were recorded via a stopcock manifold, a Statham p23Gb pressure transducer and a Sanborn direct writing oscillographic recorder. Level of anesthesia was initially adjusted until the eorneal reflex disappeared; it was usually unnecessary to add further anesthetic during the remainder of the study. The respirator was set to maintain measured systemic arterial blood pH at 7.39-7.41. A blood pump (Sigmamotor), pressureindependent to 300 mm Hg, was then interposed between the right femoral artery and the proximal portion of t_he right brachial artery, so that rate of blood flow through die forelimb could be controlled. Initially, pump flow rate was set at 100 ml/min. Pump tubing was carefully inserted into the brachial artery, adjusted, and secured to prevent inflow obstruction at the junction of the tubing with the artery. During this procedure the pressure gradient between pump tubing and the downstream footpad artery was monitored and remained less than 46 mm Hg in all dogs, averaging 28 mm Hg, evidence that no significant inflow obstruction was present. To reduce collateral blood flow to the limb, all soft tissue of the right forelimb at the elbow except the nerve supply, the brachial artery, the brachial vein, and the cephalic vein was occluded by multiple tourniquets. Small vein pressure was monitored while tourniquets were tied to detect and prevent obstruction of outflow through the brachial and cephalic veins; this pressure did not change and was always less than 27 mm Hg, averaging 11.4 mm Hg.
Following a period of 5-10 minutes to allow the establishment of a steady state, intravascular pressures were recorded. In the six dogs that subsequently made up the sham-operated control group pump blood flow remained at 100 ml/min. In the 45 other dogs, pump blood flow was then adjusted to produce a steady state in which pump perfusion pressure equaled aortic pressure. Limb intravascular pressures were then recorded and pump blood flow was measured with a graduated cylinder and a stopwatch through a T-tube interposed in the pump outflow tubing. These measured flows and pressures were considered equal to "resting" forelimb blood flow and pressures. Resting limb vascular resistances and pressure gradients were calculated from these data. Pump flow was then reset to 100 ml/min, and perfusion pressure returned to approximately its ^previous level.
After a 5-minute period to reestablish a steady state, a series of vasoactive infusions was made into the pump tubing and vascular responses measured; the results of these studies are not reported here. The sequence of vasoactive infusions was exactly the same in dogs which subsequently made up the hypertensive group as it was in dogs of the control group. Furthermore, limb vascular resistance following each vasoactive infusion returned to or close to the base-line levels preceding the infusion. During this portion of the experiment, which lasted approximately 90 minutes, base-line limb total resistance gradually increased, rises averaging 12.5% of the initial values. These changes in base-line resistance were probably primarily attributable to gradual recovery from anesthesia and slight bleeding from surgery. Following these response studies, in 27 dogs, 0.25-O.75^,g methacholine chloride (Mecholyl Chloride, Merck, Sharp & Dohme) in less than 1 ml volume was injected as a bolus into the pump tubing upstream to the pump. At least two injections, each doubling the previous dosage, were made in each dog to ensure that maximal decrease in pump perfusion pressure was produced. In six other dogs, which subsequently were included in the hypertensive group, pump blood flow was adjusted randomly to several levels from 21-330 ml/min. Following each adjustment, 5 minutes were allowed to pass to reestablish a steady state; limb intravascular pressures and pump blood flows were then recorded. These data were used to construct flowpressure and flow-resistance curves.
In all dogs, tourniquets were then removed from the limb; the right brachial, right femoral, and footpad arteries, the dorsal paw vein and the side branch of the braehial vein were ligated; and the pump tubing was removed. The wounds were closed by suture. The dogs promptly recovered from this surgery without significant disability. Two to seven days later, a left flank incision was made under pentobarbital sodium anesthesia and sterile conditions. The 51 dogs had been divided into three groups: (1) hypertensive group, 25 dogs; (2) unilaterally nephrectomized control group, 20 dogs; and (3) sham-operated control group, 6 dogs. In the hypertensive group, the right kidney was removed and the left kidney was dissected free from its fat pad and placed in a cellophane or silk bag to produce perinephritic hypertension (14). In the unilaterally nephrectomized control group the right kidney was removed and the left kidney dissected free from its fat pad and restored to its normal position. In the sham-operated, control group both kidneys were merely dissected free from the fat pads and restored to their normal positions. The flank incision was then closed and procaine penicillin (100,000 units) and streptomycin (0.1 g) were given intramuscularly daily for the first 5 postoperative days. The postoperative condition of the animals was monitored by observation, weekly measurement of blood pressure by femoral arterial puncture, weekly measurement of body weight and hematocrit, measurement of serum sodium, potassium, and calcium concentrations, and of blood urea nitrogen. Serum sodium and potassium concentrations were measured on a Beckman model 105 flame photometer, serum calcium concentrations by the EDTA calcium titration method (15) and serum blood urea nitrogen by a Technicon autoanalyzer. The groups were maintained on a diet of standard dog chow (Ken-L-Ration meal) pre-and postoperatively.
After at least 4 weeks of sustained significant hypertension in the hypertensive group and at a similar time interval in the control groups, studies were made in the left forelimb of resting blood flows, intravascular pressures, responses to vasoactive infusions, pressure-flow relations, and responses to methacholine injections. Great care was taken to reproduce the previous experimental conditions as closely as possible. In each dog, doses of anesthetic and the timing of the second experiment were as similar as possible to those of the first experiment; doses and order of vasoactive infusions were identical to those of the first experiment. Following recovery from responses to infusions, and, in some cases, to methacholine injections, the four peripheral nerves supplying the forelimb were severed at the level of the lower humerus in 11 dogs of the hypertensive group and 13 dogs of the unilaterally nephrectomized control group. After 10-minutes to allow reestablishment of steady-state vascular resistance, pump flow was adjusted so that pump perfusion pressure equaled aortic pressure, and pump flow and intravascular pressures were measured; values were used to calculate denervated limb vascular resistance. Immediately before the dogs were killed, specimens of 1-2 g of skeletal muscle and ventral skin from the left forelimb were quickly obtained from seven dogs of the hypertensive group and four of the unilaterally nephrectomized control group and placed in formalin solution. After death urine was obtained from the bladder of all dogs for urinalysis, autopsy was performed, the kidney was carefully inspected (specimens of 1-2 g of kidney tissue were also obtained from one control and three hypertensive dogs), and the heart and forelimb, severed at the level of the lower humerus, were weighed. Muscle, skin, and renal tissues were sectioned and stained with hematoxylin and eosin, Lillies allochrome for polysaccharides and the differentiation of collagen, reticulum and basement membranes, and VoerhofFs stain for elastic tissue. Arterial morphology was examined with a light microscope by one author (D.F.C.), who did not know the source of the 1 tissue. Total forelimb vascular resistance was calculated as (PBA"^LV)/F, where P BA is mean pump perfusion pressure in mm Hg, P TV is mean brachial venous pressure in mm Hg, and F is pump flow in ml/min. Resistance1 was expressed either as mm1 Hg/ml flow min-1 or as mm Hg/ml flow min-100 g" forelimb weight. Skin small vessel, skin arterial, and venous pressure gradients were calculated as PSA~ ?SV> P"BA-PSA d P 8V -P LV , respectively, where P SA and P sv are mean pressures in mm Hg in the footpad artery and small dorsal paw vein, respectively. Student's paired tf-test was used for intragroup comparisons of mean arterial blood pressure, forelimb blood flow, total vascular resistance, skin arterial, skin small vessel, and venous pressure gradients, skin small vein pressures, large vein pressures, and response to methacholine. The unpaired t-test was used to compare denervated forelimb resistance in the hypertensive dogs with that of the control dogs.
Results
Data on the 51 dogs are presented in Table  1 . The hypertensive, unilaterally nephrectomized and sham-operated control groups had similar preoperative body weights, mean blood pressures, hematocrits, blood urea nitrogen concentrations, and serum sodium and potassium concentrations. There was no significant change in blood pressure in either control group. Average rise in mean blood pressure in the hypertensive group was 40 mm Hg (range +15 to +63 mm Hg); based on multiple pre-and postoperative blood pressure measurements, a statistically significant (P<0.05) increase in blood pressure occurred in each dog. Mean duration of hypertension was 7 weeks (range 4 to 11 weeks). The number of weeks between forelimb studies was similar in the groups. Postoperatively, there were no significant changes in body weight, hematocrit, or serum sodium and potassium concentrations in the groups, as compared to preoperative measurements. Serum calcium concentrations were similar and within normal limits in the hypertensive and control dogs. On the average, blood urea nitrogen rose slightly but significantly in both the hypertensive (range -29 to +14 mg/100 ml; P< 0.025) and unilaterally nephrectomized control groups (range -11 to +22 mg/100 ml; P<0.001), and declined slightly but not significantly in the sham-operated control group (range -18 to +1 mg/100 ml; P>0.1). Urine albumin and specific gravity, and heart and forelimb weights were similar in hypertensive and control dogs. Three dogs had retinal detachments after 2-3 weeks of hypertension; otherwise the general health of all dogs was good when they were killed. SD = standard deviation of difference of the means of first and second study. P values were determined by Student's two-tailed i-test.
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group, statistically significant increases occurred in mean arterial blood pressure (+33?), resting forelimb total vascular resistance (+3335), and skin small vessel pressure gradient (+46% Within the hypertensive group, no significant change occurred in resting forelimb blood flow, skin arterial pressure gradient, skin small vein pressure, and large vein pressure. Within the unilaterally nephrectomized control group, resting forelimb total vascular resistance significantly decreased (-11%), resting forelimb blood flow significantly increased (+11%), and no significant changes occurred in mean arterial blood pressure, resting forelimb skin arterial, skin small vessel, and venous pressure gradients. Additionally, no significant changes occurred in skin small vein and large vein pressures. Within both the unilaterally nephrectomized and the shamoperated control groups, there were statistically significant decreases in forelimb total vascular resistance (-14% and -16%, respectively) measured at limb blood flow of 100 ml/min.
Intrabrachial arterial injections of supramaximal doses of methacholine during the first study decreased perfusion pressure an average of 74 and 66 mm Hg in dogs of the control and hypertensive groups, respectively; expressed as percent of pump pressure prior to the injections, these decreases were 56% and 54% respectively. During the second study, similar injections decreased perfusion pressure an average of 66 and 99 mm Hg in control and hypertensive dogs; corresponding percent decreases were 54% and 61%. Despite the larger absolute and percent decreases in perfusion pressure in hypertensive dogs, the resulting level of perfusion pressure was 12% lower in normotensive dogs (56 mm Hg) than in the same dogs when hypertensive (63 mm Hg); this difference in level is statistically significant (P<0.05). No significant change in this level occurred within the control group (P > 0.4). These results are expressed in terms of vascular resistance in Although curves in hypertensive dogs are shifted upward as compared to curves in the same dogs when normotensive, no discernible change in shape of the curves occurred with the development of hypertension. The absence of change in shape of the curves is further apparent when the logarithms of these data points are plotted, a transformation which serves to convert these exponential relations into straight lines (Fig. 3) . Additionally, pump flows as great as 320 ml/min, producing pressures as great as 325 mm Hg, were unable to lower resistance passively in limbs of hypertensive dogs to the levels achieved with flows of 200 ml/min and pressures of 160 mm Hg in normotensive dogs. Increasing blood flow decreased limb resistance to as low as 3.63 mm Hg/ml mur 1 100 g-1 in normotensive dogs. Lowest level of resistance achieved in a hypertensive dog was 5.46 mm Hg mHmir r1 100 g-i.
Finally, examination of stained sections of forelimb skeletal muscle, skin, and kidney failed to reveal abnormalities in the morphology of small arteries and arterioles in either hypertensive or control dogs. Specifically, no elastin or collagen proliferation, elastic disintegration, subendothelial accumulation of amorphous material, medial hyperplasia, degeneration of medial smooth muscle cells, fibrinoid necrosis or hyalinization was discernible.
Discussion
Sustained significant hypertension had persisted in all dogs of the hypertensive group for at least 4 weeks, averaging 7 weeks. At this stage of perinephritic hypertension in dogs, there is evidence that the early increases in blood renin, angiotensin, and aldosterone levels have returned to or toward normal, and the hypertension may be considered "chronic" (16, 17) . In addition, these hypertensive dogs remained healthy and there was little or no evidence of significant renal insufficiency, electrolyte disturbances, anemia, cardiac decompensation, or inflammatory or degenerative vascular wall changes at time of death. Thus the hypertension was probably in the "benign" phase and the hemodynamic variables observed likely reflected those of the chronic benign stage of renal hypertension rather than those of complications of hypertension.
Within the unilaterally nephrectomized control group, resting forelimb total resistance decreased 11SS, accompanied by a proportionate significant increase in resting limb blood flow. We have no explanation for these changes, which are not attributable to the unilateral nephrectomy, because similar decrease in resistance occurred in the sham-operated control group with both kidneys intact.
Limb total vascular resistance increased with the development of hypertension in the hypertensive group. This rise in limb resis- tance was confined to the small vessel segment of the vascular bed and was in exact proportion (+33$) to the rise that occurred in mean arterial blood pressure. Thus the results of the present study support previous reports suggesting that the vascular beds of the limbs participate in the increased peripheral vascular resistance in hypertension. Increase in limb vascular resistance has been reported in human essential hypertension (11, 18, 19) , in experimental renal hypertension in the dog (16) and rat (20) , and in genetic hypertension in the rat (20) . Thus it is likely that any abnormalities existing in the properties or behavior of peripheral vessels in hypertension should also be present in the vascular bed of the limbs.
In contrast to the increase in limb vascular resistance, limb blood flow is reported to be normal in human essential hypertensives (11, 18, 19) . Similarly, in these renal hypertensive dogs, when the usual limb hemodynamic conditions were simulated, limb blood flow averaged the same as flow in the same animals when normotensive. Flow-pressure and flowresistance curves in these hypertensive dogs, although shifted to a higher level, were similar in shape to curves in normotensive dogs. Therefore, at this stage in experimental renal hypertension in dogs, increase in limb vascular resistance is apparently neither an autoregulatory response to a persistent measurably elevated limb blood flow nor a distortion of the normal curvilinear relation between limb blood flow and limb vascular resistance. This conclusion does not, however, preclude the possibility that limb vascular autoregulation plays a role in earlier stages of hypertension when the cardiac output is probably elevated (5) . In addition, it is possible that the autoregulatory mechanisms of vessels in hypertensives are more "sensitive" than those in normotensives to flow or pressure at all flows and all pressures. This increased sensitivity could account for the shift of the curves to a higher level without changing their shape. A "long-term, wholebody autoregulation" involving decreases in numbers of vessels in peripheral beds in Circulation Rssearcb, Vol. XXIX, July 1971 hypertension, as proposed by Coleman and Guyton (8) , could also account for the curve shift, as could structural changes in vascular wall encroaching upon the lumen (12) .
It has been suggested that venoconstriction may play a role in the pathogenesis of arterial hypertension both in man and in animals (5-7). Generalized peripheral venoconstriction would shift blood from the peripheral to the cardiopulmonary circulation, thereby elevating cardiac output. We are unaware of studies in hypertensive men or animals in which pressure gradients and blood flows through veins were directly measured, allowing calculation of venous resistance. Instead, plethysmographic measurements have been made of limb total vascular compliance and inferences have been made about venous compliance and venous resistance. The difficulties surrounding such inferences have been pointed out: namely, decreased venous compliance may not indicate venoconstriction (21) , and changes in limb total vascular compliance are attributable in part to changes in arterial compliance. Arterial compliance has been found by direct measurement to be decreased in human essential (22) and canine experimental renal (23) hypertension. Both normal (24) and decreased (25) total vascular compliance have been reported in human essential hypertensives.
In the present study, decreased venous pressure gradients associated with normal limb blood flows were observed in the dogs with renal hypertension. If the flow was uniformly distributed and the pressure gradient measured represented pressure gradients in all of the limb veins, these present findings do not support the hypothesis that limb venoconstriction is present in chronic renal hypertension in dogs. In this regard, however, there is evidence from studies of men with essential hypertension that the increase in limb total resistance is primarily attributable to constriction of skin arterioles and that muscle arterioles may actually be dilated, resulting in decreased skin blood flow and increased muscle flow (26) . If similar shunting occurred in these renal hypertensive dogs, the skin small vein pressure would be low and that in the brachial vein, primarily draining limb muscle, would be high, resulting in a decreased venous pressure gradient. In the present study, the small vein and brachial venous pressures were low and high, respectively, but neither of these changes was statistically significant.
It has been suggested that the elevated peripheral vascular resistance in the chronic stages of experimental renal and possibly human hypertension is maintained by increased sympathetic outflow to peripheral vessels (9, 10) or increased sensitivity of peripheral vessels to normal sympathetic discharge (11) . However, residual vascular resistance after local nerve block is greater in men with essential hypertension (27) and rats with renal or genetic hypertension (28) than in normotensive controls. Similarly, in the present study residual resistance in the surgically denervated hypertensive limb vascular bed remains greater than that in the denervated normotensive bed. These findings indicate that a portion of the elevated limb vascular resistance in chronic hypertension is not attributable to neural stimuli or increased responsiveness to neural stimuli.
In the present study, neither active vasodilation evoked by supramaximal doses of methacholine nor passive dilation produced by increasing limb blood flow and hence intravascular pressure reduced limb vascular resistance to as low a level in hypertensive dogs as in normotensives. The decreases in limb resistance evoked by methacholine were large, averaging 56% of initial values. Nevertheless, it is entirely possible that maximal limb vasodilation was not achieved, i.e., that other measures would have dilated the vessels to an even greater extent. In this regard, Conway (18) produced a 93% decrease in resistance in the human arm by reactive hyperemia. The findings of the present study, however, support other reports in which it was concluded that maximal dilation was achieved; in these cases vascular resistance was not reduced to as low a level in hypertensives as in normotensives (18, (29) (30) (31) . In spontaneously hypertensive rats, flow resistance in systemic and in hindquarters vascular beds "maximally dilated" by low pressure, low flow rate perfusion with colloid-containing Tyrode's solution, was greater than that achieved in similarly perfused vascular beds from normotensive control rats (29, 30) . Similarly, in human essential hypertensives maximal dilation evoked by reactive hyperemia (12, 18) and combined reactive hyperemia, active hyperemia, local warming, and remote warming (31) was significantly less than that achieved in normotensives. In one study (31) , resistance at maximal vasodilation was higher by about 50$ in hypertensives than in normotensives; this increase in resistance was in the same proportion as the increase in blood pressure in the hypertensives. Thus the evidence strongly suggests some impairment in the ability of vascular beds in hypertensives to respond to maximal vasodilator stimuli. This impairment might be attributable to several different mechanisms, including (1) functional changes in vascular smooth muscle, (2) structural changes in entire vascular beds, such as decrease in vessel numbers (8) , or (3) structural changes in vascular walls encroaching on the lumen at maximal dilation. In his recent extensive review, Silvertsson (31) discusses the interpretation of these data. On the basis of coexisting findings in vascular beds of hypertensives, namely, increased slope of norepinephrine dose-response curves, normal norepinephrine threshold levels, and normal levels of smooth muscle "basal tone," he concludes that the evidence strongly indicates that hemodynamically important structural changes in the vessels of hypertensives increase vascular wall thickness and encroach on the lumen at maximal dilation. These structural changes, which appear to be adaptive to increases in intravascular pressure, may occur rapidly, being detectable after 3-5 weeks of sustained change in intravascular pressure. In the present study such changes were detected after 4 weeks of sustained hypertension. Furthermore, it has been suggested (30) that the structural changes in hypertensives are extensive enough to explain Circulation Reitorcb, Vol. XXIX, July 1971 by guest on June 13, 2017 http://circres.ahajournals.org/ Downloaded from both the raised resting flow resistance and the reported increases in vascular "reactivity" to vasoactive agents. Such increases in vascular responses attributable to increase in wall-tolumen ratio of vessels were also observed by us in these dogs and would occur even if the changes in vessel wall were too subtle to be seen by light microscopy, as they were in the present study.
Altered vascular responses in hypertensives that probably are not attributable to the mechanical effects of changes in the wall-tolumen ratio of resistance vessels have also been reported (11, 32) . Structural changes in arterioles may also underlie these altered responses by producing abnormalities in vascular wall or smooth muscle cell membrane permeability or in smooth muscle cell metabolism (33, 34) . However, the possibility remains that such altered responses are not caused by changes in structure but reflect changes in vascular smooth muscle cell metabolism, which are secondary to remote influences such as hormones or are primary, perhaps genetic, in origin.
